The alcohol extract of the larvae of Bombus ignitus, otherwise known as the Bumblebee, was orally administered to rats at doses of 0, 0.04, 0.2, 1 or 2 g/kg as a single oral dose. There were no observed clinical signs or deaths related to treatment in all the groups tested. Therefore, the approximate lethal dose of the alcohol extract of B. ignitus was considered to be higher than 2 g/kg in rats. Mild decreases in body weight gain in male rats were observed dose-dependently within the B. ignitus treated groups over 2 weeks. Throughout the administration periods, no significant changes in diet consumption, ophthalmologic findings, clinical pathology (hematology, clinical chemistry and coagulation) or gross pathology were detected. Minor changes in male rats were found with in the hematological parameters in groups treated with the 0.04 g/kg, 1 g/kg or 2 g/kg of B. ignitus larvae extract, however, all the changes observed were within the physiological range. From these results, it was concluded that there was no evidence of specific toxicity related to the ingestion of alcohol extract of B. ignitus larvae.
INTRODUCTION
The medicinal and nutritional applications of honey and other hive products including bee larvae are well known (Meda et al., 2004) . Bumblebees of the Apidae family are distributed worldwide including alpine regions (Galen and Cuba, 2001) . Twenty one species belonging to seven subgenera in genus Bombus (Lee and Dumouchel, 1999) are found in Korea. B. terrestris is mass-produced worldwide for use as a pollinator, although B. ignitus, dominant in Korea, is substituted for green house pollination (Yoon et a/., 2003) .
Honeybee larvae have been used for the treatment of male impotence and infertility (Meda et a/., 2004) . Bumblebees may also be useful, in the development of nutraceuticals. However, safety evaluation data on these products are scarce and the acute toxicity evaluation of the alcohol extract of B. ignitus larvae remains unclear, so that we assessed the acute toxicity of an alcohol extract of B. ignitus larvae.
MATERIALS AND METHODS

Materials.
The dried larvae (500 g) of B. ignitus was soaked and extracted three times with EtOH by ultrasonification for 30 min. The extracts obtained were dried on a rotary evaporation and freeze-dried as an alcohol extract of B. ignitus larvae (BILE).
Test preparation of BILE. Dried alcohol extract of B. ignitus larvae were homogenized in a blender to a powder, stored at 4°C, dissolved in phosphate Buffered saline (Sigma-Aldrich Inc., St. Louis, MO), and then orally administered at doses of 0, 0.04, 0.2, 1 or 2 g/kg on a single dose.
Analysis of mineral content and amino acid composition. Mineral content was analyzed by atomic absorption spectroscopy and phosphorus content was determined by colorimetric method, which utilizes ammonium molybdate, hydroquinone, and sodium sulfate (Kim et a/., 2001) . Amino acid Compositional analysis was carried out by derivatization of the first Nterminal amino acids with phenylisothiocyanate (PITC) followed by RP-HPLC (Williams et al., 1998) . Five animals of both sexes in each group were weighed, and administered with BILE at a dose of 0.04, 0.2 or 1 or 2 g/kg or its vehicle by a single oral dose treatment.
The test parameters were clinical signs and mortality, body weight, food consumption, hematological analysis, serum biochemical analysis and ophthalmic observation findings (Kim et al., 2002; Ahn et aI., 2003) .
Body weight Animals were observed three times daily for clinical signs. Changes in body weight were recorded per three days and group means were calculated. Rat body weights were measured at the initiation of treatment and then per three days until autopsy at 14 days post-treatment initiation.
Food consumption. Daily food consumption was determined by subtracting leftover feed from provided feed. Food consumption was measured daily for the 1s t day and per three days thereafter. Again differences between that food supplied and remaining were regarded as daily consumption (g/rat/day). Blood sampling and plasma assay. After 14 days of treatment, blood (-3 ml) was collected from posterior vena cava under light CO2 inhalation and used for serum chemistry measurements. The parameters examined included total protein, albumin, total bilirubin, glucose, glutamic pyruvic transaminase (GPT), glutamic oxaloacetic transaminase (GOT), alkaline phosphatase (ALP), lactic dehydrogenase (LDH), total cholesterol, blood urea nitrogen (BUN), creatinine, triglyceride, uric acid, sodium, potassium and chloride. All were evaluated using an autoanalyzer (Hitachi 7060 automatic clinical analyzer, Tokyo).
Statistical analysis.
Mean and standard errors of all parameters were determined for each of the 5 animals. Student's t-test was used to establish the significances of differences between the control and treatment groups. p < 0.05 was considered statistically significant.
RESULTS
Mineral content of the ethanol extract of B. ignitus lavae. The protein fat, ash and mineral content of the larvae ethanol extract from B. ignitus were investigated. The larvae extract from B. ignitus contained more proteins in following proportions: protein (40.4%), Ca (0.08%), P (0.96%), K (1.74%), Na (0.09%), Mg (0.07%), Fe (89.02 ppm), Mn (9.74 ppm), Zn (58.97 ppm) and Cu (12.10 ppm) ( Table 1 ). Amino acid content of larvae extract from B. ignitus showed no obvious trend in the changes of protein and mineral contents in the statistical perspective (Table 1) .
Clinical signs and food consumption. No deaths or adverse clinical signs were observed due to the ingestion of BILE at doses of 0.04, 0.2, 1.0 or 2.0 g/kg (Table 2 ). Food consumption levels were similar for all study groups, though it was more or less differences between control and treated groups (Fig. 1) .
Body weight changes. There were no toxicologically significant differences in mean body weight between any of the treatment groups (Fig. 2) . During the 14 day administration period after a single dose treatment, the body weights of the male and female SD rats in the 4 treatment groups were comparable across the control and treated groups. The mean per 2 days body weights versus time are presented in Fig. 2 . In the male rats, there were statistically significant differences in body weight between the BILE treated groups (0.04 g/kg, 1.0 g/kg, or 2.0 g/kg body weight gain increase compared control) and the control group (p > 0.05); however, no statistically significant differences were observed between the 0.2 g/kg BILE treated group and the control group. But, no significant differences in body weight gain were observed in the female BILE treated rats.
Hematology and blood chemistry. Minor changes in male rats were found in hematological parameters for the 0.04 g/kg, 0.2 g/kg, 1 g/kg and 2 g/kg larvae extract from B. ignitus treated groups (total cholesterol increase of 11.5-34.5%, potassium serum level reduction of 30.8-64.7% and increase of sodium level of 4.6-7.1 %), but all changes were within physiological range (Table 3 and Table 4 ). In the sera of the BILE treated 3~. Toal protein g/dl 6.5 ± 0.1 6.9 ± 0.6 6.7 ± 0.4 6.3 ± 0. (Table 3 and Table 4 ). Some significant differences were observed between the treated and control groups with respect to the hematological parameters at the end of the experiment. At the end of the administration period, as a coagula-tion parameter, no increase in platelet count was observed in the male and female rats in all of the treated groups; as an indicator of RBC function, we found that M CV, MCH and MCHC were not significantly different between the treated groups and the control group (data not shown).
---------------------------------,
Ophthalmologic findings. No significant treatmentrelated ophthalmologic findings were observed. Any minor changes were few and dose independent.
DISCUSSION
In ancient times, people in Oriental countries, especially Japan and Taiwan, used bee larvae as a crude drug or protein source during food shortages: now bumblebees are mass-produced year-round. To investigate the safety of using bumblebee products as domestic foods or medicinal drugs with the potential for prevention and curing efficacy, we evaluated the toxicity profile of single dose oral treatment of SO rats with the ethanol extract of Bumblebee larvaes. B. ignitus larvae alcohol extract (BILE) did not induce any remarkable acute toxic responses and there were no significant changes in diet consumption, ophthalmologic findings, clinical pathology (hematology, clinical chemistry, coagulation, and urinalysis), or gross pathology up to 2 g/kg. The potassium levels in 14th day-rat serum after singledose treatment was reduced in a dose dependent manner in male rats; the potassium level of the extract was higher (1.74%) than other cation level (Ca, 0.08%; Na, 0.09%; Ma, 0.07%). These results, however, were not sufficient to deem BILE a diuretic agent (Furukawa et a/., 1997) but the data obtained can be interpreted within the context of a B. ignitus extract preparation study as a medicine or food (Hu et a/., 2009) . In male rats, there were statistically significant differences in body weight gain between the BILE (0.04 g/kg; 1.0 g/ kg; 2.0 g/kg) treated groups and the control group (group, p > 0.05); however, no statistically significant differences were observed between BILE-treated group and the control group in the female rats. Therefore, the approximate lethal oral dose of the ethanol extract from larvae of B. ignitus was concluded to be higher than 2 g/kg in rats.
